(Received for publication, February 7, 1949) In a series of experiments designed to study the lesions of glomerulonephritis produced in rabbits by repeated intravenous injections of bovine serum gamma globulin 1 (7), a high incidence of granulomatous lesions of the heart valves and valve rings was noted. This was deemed of sufficient interest to report.
Recent interest in lesions of the hesxt produced in animals, anaphylactimlly sensitized to foreign proteins, has been stimulated by their reported resemblance to the cardiac lesions of human rheumatic fever (1, 2, 4, 5, 10). The highest incidence of such lesions has been reported by Rich and Gregory (1, 2) . However, in a similar but more extensive experiment performed by More and McLean (5) in this Institute, the difficulty of interpreting such lesions was emphasized.
In all the experiments cited above, normal horse serum was employed as the antigen. Further work along these lines has been done by Hawn and Janeway (6) using purified bovine gamma globulin with the reported production of heart valve and valve ring lesions in 20 per cent of their animals. However, they did not emphasize these lesions and gave attention particularly to the nephritis that also appeared in their globulin-treated animals.
In our experiments, the use of massive intravenous injections of globulin resulted in the highest incidence of valvular and valve ring lesions thus far reported as produced by the use of any foreign protein.
Experimental Procedure
The treated animals consisted of a group of seventeen albino rabbits, weighing approximately 2 ldlos each, obtained from various dealers. They were first unilaterally nephrectomized. After an interval sufficient for the animals to recover from the operation, they were injected intravenously with purified bovine gamma globulin (fraction II) in a dose of 1 gin. per kilo of body weight in a 10 per cent solution in normal saline. On the 11th day a de-* This work was assisted by a grant-in-aid from the National Research Council of Canada. :~ Graduate Medical Research Fellow, National Research Council of Canada. 1 The purified bovine gamma globulin (fraction II) used in these experiments was supplied through the courtesy of Lawrence L. Lachat of the Biochemical Sales Research Department, Armour and Company, Chicago. 555
sensitizing dose of I0 cc. of I per cent globulin in normal saline was given slowly intravenously.
On the 12th day the animais were again given an intravenous injection of 1 gin. of globulin per kilo in a 10 per cent solution in normal saline. They were killed 18 days after the first injection. The hearts were fixed in Bouin's and Helly's fluids and cut transversely through the base in such a way as to present a large area of mitral and tricuspid valves and valve rings for histological study. The aortic and pulmonic valves did not appear in the sections with regularity. Sections were stained with hematoxylin and eosin; hematin, phloxine, and saffron; Weigert's elastic tissue stain and Mallory's phosphotungstic acid hematoxylin. Seven control animals were unilaterally nephrectomized and allowed to live for intervals varying from 3 weeks to 7 months. Four of these animals were injected with normal saline, equivalent in volume to the dose of globulin administered to the treated animals; that is, 10 cc. per kilo. They were otherwise handled in the same way as the treated group.
Nine of the treated animals were skin-tested by an intradermal injection of 0.1 cc. of 10 per cent globulin 2 days before they were killed. The sera of these animals were tested for the presence of antibodies to globulin by a qualitative ring test on three occasions: the day betore the initial injection; the 11th day (the day before the desensitizing dose); and immediately before the animals were killed.
RESULTS
Focal granulomatous lesions were found in valves and valve rings of nine of the globulin-treated animals, constituting 52 per cent of the group.
Valve lesions were present in eight animals, or 47 per cent. Lesions of the valve rings were present in four animals, or 23 per cent. Lesions in both locations were present in three animals. No similar lesions were present in the controls. The valve lesions were seen on more than one, and in sornc instances on all the valve cusps visible in the sections. The valve ring lesions were seen only singly in each case.
The valve lesions were focal in type and consisted of a raised cellular nodule (Fig. I) , causing an increase in the thickness of the valve. Sometimes the whole thickness of the valve was involved and the excrescences projected on both sides (Figs. 2 and 3). In lesions regarded as early (Fig. I ) the superficial portion consisted of a row of plump cuboidal endothelial cells closely lined Up beside one another overlying edematous connective tissue in which there was an increase in fibroblasts, and large mononuclear cells with a few scattered lymphocytes. In more pronounced lesions the surface consisted of a thick layer of what were apparently proliferated endothelial cells containing a moderate number of mitoses overlying a rather dense accumulation of large mononuclear cells. Mixed with these cells were a few lymphocytes and polymorphonuclear leucocytes (Fig. 3) . The large mononuclear cells of the deeper layers had large vesicular nuclei with finely divided chromatin and several variable and centrally placed masses of chromatin. The cytoplasm was abundant, moderately basophilic, finely granular, and had a sharp cellular border. Also present were cells with similar cytoplasm containing 3 to 8 nuclei. The rather similar appearance of the multinucleated cells and the mononuclear forms suggested an origin of the giant cells from the large mononuclear cells. In one of the lesions the frequency of mitoses in these cells was striking and young fibroblasts were prominent (Fig. 4) . The connective tissue of the valves affected was edematous and close to the lesions the collagen fibers themselves appeared swollen, and somewhat homogeneous and a few small areas showed fragmentation. These areas of collagen degeneration did not present the appearance of fibrinoid necrosis with the stains employed (Fig. 3) . Sur-rounding the lesions, but not generally included in them, was a prominent number of cells resembling the so called myocyte of Anitschkow.
The lesions of the valve rings were found in four animals. These consisted of localized granulomatous formations with a dense accumulation of large mononuclear cells similar to those seen in the valves. Multinucleated giant cells were prominent in one instance (Fig. 6 ) and in this animal young fibroblasts and a few capillaries were also present. The connective tissue of the valve rings was altered in a similar way to that of the valves. There was localized disorganization of the normal architecture and replacement by the cellular components and edematous matrix just described (Fig. 6 ). Mitoses were frequent in the lesions and also present in the connective tissue cells surrounding the lesions. In many places, the endothelium at the base of the valves showed an even more marked hyperplasia than that seen in the valves (Fig. 5) .
In the myocardium the lesions encountered consisted of a focal myocarditis. Such lesions were found in the control as well as in the experimental group, the most pronounced of these occurring in one of the control animals. These resembled the lesions described as spontaneously occurring in rabbits by Miller (8) . At the same time they were very similar to the lesions ascribed to treatment with foreign proteins by previous workers (1, 2, 4, 6) .
Lesions of the endocardium essentially similar to those in the valves were seen in two treated animals. These were regarded as identical with some of the lesions described by Miller (8) as spontaneous and are thus not interpreted as clearly due to the treatment. However, it should be noted that none of these was present in controls and that the lesions were associated with those of valves and/or valve rings in both cases.
Lesions of arteries were seen in the hearts of two animals. They consisted of lesions which have been described as the sclerotic type of coronary arteritis due to foreign protein hypersensitivity (4) or as healed or healing lesions (3). Necrosis of the arterial wall was only seen in one instance.
A positive Arthus reaction to globulin was obtained in all the animals tested immediately prior to killing. Precipitins to the globulin antigen were demonstrated in the blood of the nine animals whose sera were tested by means of ring tests before the second injection and just before the animals were killed (7).
DISCUSSION
The incidence of valve and valve ring lesions in our animals is the highest thus far reported in animals sensitized to foreign protein. Furthermore, the statistical incidence of the lesions is such that there can be no doubt that the lesions were the result of treatment. The latter does not appear to be the case in other reported work in this field where there has been no clear separation of the incidence of the valvular and valve ring lesions from that of the equivocal myocardial lesions.
The most striking parallel between the lesions produced in our animals and the lesions of human rheumatic fever is their location in valves, valve rings, and subvalvular angles; moreover, when only one surface was involved the lesions of the valves appeared on the auricular surface (Fig. 1) . HistologicaUy, their structure resembles the lesions of human rheumatic fever in that they are peculiar focal granulomatous lesions which include the features of collagen damage, mononuclear cell infiltration, giant cell formation, and endothelial proliferation. The last was particularly prominent in the subvalvular angle, a common finding in human rheumatic carditis. However, the amorphous deposits overlying the granulomatons lesions which form the verrucose vegetations in the human valvulitis were not seen in any of our animals. The mononuclear cells and giant ceils of the experimental lesions were not identical with the Aschoff cells of human rheumatic fever, and the collagen damage was not so striking, Lesions of the myocardium similar to those reported by other workers as resembling Aschoff bodies (1, 2, 4) were found in our animals. However, we were unable to interpret them as corresponding to the lesions of rheumatic fever due to their resemblance to spontaneous lesions of the myoeardium occurring in rabbits" (8) and to those occurring as a result of epizootic infections (9) . These lesions of the myocardium were present in both the treated and control animals and could thus not be ascribed to treatment. Therefore, although the cardiac lesions of man have not been reproduced in every detail in the hearts of our experimental animals, we do believe that the similarities between the experimental and human valve and valve ring lesions indicate that they may well have a similar pathogenesls.
The observed discrepancies may be no more than might be accounted for by the well recognized variation in the tissue response of different species. It therefore seems justifiable to pursue this general experimental approach in attempting to elucidate the etiology and pathogenesis of human rheumatic fever.
The galaxy of lesions produced by anaphylactic sensitization to the mixture of antigens contained in horse serum has led to the speculation that there might be a clear cut relationship between one specific type of lesion and a given purified antigen. The use of purified serum gamma globulin by us and of this and other purified antigens by Hawn and Janeway does not support this concept. In our animals intravenous injection of purified bovine serum gamma globulin gave rise to a glomerulonephritis (7) and in almost equal incidence, a granulomatous inflammation of heart valves and valve rings. Also produced, though in a much smaller number of animals, was an arteritis.
The most important etiological factor in producing lesions in anaphylactically sensitized rabbits is widely considered to be the hypersensitive state.
That hypersensitivity existed in our tested animals is indicated by the presence of a positive Arthus reaction and precipitins in the blood (7) . However, the coexistence of hypersensitivity and tissue lesions does not, by itself, necessarily demonstrate a pathogenetic relationship between the two. It is thus obvious that further study is necessary to establish the relationship of hypersensitivity to the production of tissue lesions in animals and in rheumatic fever in man.
CONCLUSIONS
Granu|omatous lesions of the valves and valve rings have been produced in 52 per cent of rabbits treated by massive intravenous administrations of bovine gamma globulin in such a way as to establish a state of anaphylactic hypersensitivity in the animals. The incidence of the lesions is greater than has heretofore been reported as produced by the use of any type of foreign protein injection in rabbits.
The use of a purified protein antigen has resulted in the production of several different types of lesions; namely, a granulomatous inflammation of heart valves and valve rings, a glomerulonephritis, and an arteritis.
The lesions of the heart cannot be regarded as being identical with the lesions of human rheumatic fever, but they are considered to he sufficiently similar to warrant a continuation of this approach to the study of the etiology and pathogenesis of rheumatic fever in man.
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